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Abstract: Viticulture has to take care for its environments. Many impacts are generated by activities with 
more or less environmental severeness. Fertilization has an influence on the close-by ecosystems through 
transport of nutrients, which may induce adverse changes in surface waters or are harmful for human health. 
During a trial (4 years. 4 replicates) the influence of N and K on yield and quality was tested. N-increments were 
0, 60, 120, 180, 240; applied K was 160 units on all plots. A second trial received 320 units K2O on all plots. 
Besides yield and must density nitrate contents in petioles were determined in order to evaluate if there exists a 
reliable correlation between N-inputs and NO3 concentration in petioles. Next question was if N-level can be 
detected by petiole nitrate analysis; and if exists a close connection with yield and oOe. 
Despite a wide spread N-fertilization scheme the influence of the “years” as a factor is quite greater than that of  
“fertilization”. That is a well-known fact in viticulture and is again confirmed by this trial. It is possible to 
demonstrate the influence of high N-doses on the NO3 -concentration of petioles, but NO3-concentrations are 
modulated by higher K-doses. This indicates that K improves nitrate reduction. 
Then again it is not possible to detect relations between NO3-concentrations in petioles at blooming and the final 
yield or oOe. Results earlier could not be confirmed: it is reported a significant relation between petiole NO3 and 
yield or oBrix. In contrast a good relationship was found between the petiole NO3 concentration at “bloom” or 
“full ripeness” and the yield in the following year. But the relation is not strong enough that it can be used as a 
predictive tool for grapevine fertilization. For environmental reasons and for a reliable N-fertilization of 
grapevines those tests should be avoided and replaced by more reasonable procedures like soil testing in 




Fertilisation in viticulture is an essential process in order to save the yield quantitatively 
as well as qualitatively. In the past this procedure was not always traceable because the 
instruments to calculate the nutrient inputs did not fit in the specific needs of grapevines. 
Therefore in many places throughout the world scientists tried to figure out systems with 
which the optimal nutrient status could be assessed (Lagatu and Maume, 1926, Lévy, 1968 
Baló, 1973, Ulrich 1942, Beaufils, 1971). Despite a good scientific basis some of them 
remained more or less in the academic field, however, others were transferred to practice and 
are widely used. 
A widely used system is petiole analysis which can be carried out easily and as an 
advantage do not need a sophisticated equipment for analysis. It is used in USA, Australia and 
other important grape growing countries. The results reported from different groups (Ulrich, 
1942; Cook, 1956) are so promising that we carried out a fertilizer experiment in order to test 






MATERIALS AND METHODS 
 
VINEYARD SITE 
In a vineyard, belonging to the “Bayerische Landesanstalt für Wein- und Gartenbau” in 
Würzburg-Randersacker, a factorial fertilizer experiment was laid out with nitrogen (0, 60, 
120 and 240 units N/ha) and potassium (160 and 320 units K2O/ha); the experiment was 
carried out from 1985 to 1988. 
Every year at full bloom, veraison and onset of full ripeness (>60 oOe) leaves were 
sampled opposite the first cluster. Samples were divided in laminas and petioles and 
subsequently dried at 90 oC to constant weight. 
NITRATE ANALYSIS 
Prior analysis, petioles were milled and 1 g powder extracted with distilled water for 1 
h. After filtration the clear extract was used for nitrate determination. 
Flow injection analysis was used for nitrate determination according a procedure 
described by Schaller et al. (1988). 
STATISTICAL ANALYSIS was performed with StatView for Mac. 
 
RESULTS AND DISCUSSION 
 
YIELD, MUST DENSITY AND ACIDITY 
The common parameters characterizing the productivity and the influence of 
fertilization are summarized in figure1. 
 
 
Figure 1  
Components of variation (%) of the year, fertilization, year x fertilization and residuals for yield, must density 
and acidity 
 
The influence of the year on the variability of the results is most important and in every 
case (yield, must density, acidity) highly significant. 75 up to 90% of the total variability is 
pooled on the year. Minor amounts, but always highly significant, are merged on 
“fertilization” and the interaction “year x fertilization”. Residual variance is quite low which 
indicates a clear design of the trial and no further unknown sources of variability. The results 
confirm other findings about vineyard fertilization experiments under cool climate conditions 
(Schaller, 1988). 
 
PETIOLE NITRATE CONCENTRATIONS 
 
 Petioles are mainly composed of conducting vessels and some supporting materials. 
Therefore it is believed that this plant part may used as an indicator of the current nutritional 
status of the plant, because nutrients are unaffected, not yet metabolized and not built in 
organic structures. From this point of view petioles may display the actual composition of the 
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soil solution and the amount of assimilable nutrients. Consequently petiole analysis should 
therefore be able to show the fertilizer application to crops as well as their demands. 
Petiole analysis has always been the preferred method in the USA (ULRICH, 1942). In 
1954 BEATTIE and FORSHEY proposed the following threshold petiole contents for 
satisfactory growth of vines: 0.77% N, 0.20% P, 2.00% K and 0.15% Mg. LARSEN et al. 
(1955) linked yield with petiole K content and in 1956 COOK and KISHABA showed how 
petiole contents can contribute to an understanding of nitrate behaviour. SHAULIS and 
KIMBALL (1956) demonstrated the importance of sampling time, petiole nutrient contents at 
flowering and 30 and 60 days later being appreciably different. Petiole contents of K and Mg 
have been widely investigated. In 1964 COOK and LIDER showed that petiole nutrient 
contents were affected by rootstock and variety, differences in K content being quite large 
(1.7% to 2.4% for different rootstocks) and even larger for nitrate N. WOODBRIDGE and 
CLORE in 1965 associated severe K deficiency with petiole contents below 0.30% and 
moderate deficiency with contents up to 1.25%. Slight deficiency occurred up to 2%, and 
between this level and 3.50% plants were normal. Where K deficiency was very severe Mg 
content of the petioles was sometimes above 1%. In 1977, CUMMINGS reported the 
following mean contents for the petioles of mature leaves - 0.69% N, 0.24% P, 2.92% K, 1.61 
% Ca and 0.43% Mg.  
The results of ANOVA for petiole nitrate content out of our experiment are 
demonstrated in fig. 2. In contrast to the yield and quality compounds (fig. 1) the distribution 
of the components of variation is not sufficiently pronounced. The highest fraction is 
occupied by the year (25%), followed by fertilization (17,8%) and sampling date (11,4%); 
their influence is highly significant. The interaction year x sampling (7,4%) and year x 
fertilization (4%) are also important and highly significant but the influence is low. One 
should bear in mind that it cannot be neglected. The high percentage of 27.1%, which is 
allocated in the residual indicates that there are a lot of unknown variables influencing the 






Figure 2  
Components of variation (%) of the year, fertilization, date of sampling, year x fertilization, year x date, 
fertilization x date and residuals for petiole nitrate content 
 
PETIOLE NITRATES, FERTILIZATION AND SAMPLING DATES 
 
The results of an ANOVA calculation give only an overview how the factors under test 
act on the complete collective.  Showing the different years and the distinct fertilization levels 
as well as the sampling dates it is possible to identify quite easier the impact of treatments. 
Figure 3 presents the time course of nitrate concentrations in petioles during the years 1985 to 
1988. The upper row shows the time course for “full bloom” and the lower one for “full 
ripeness”.  
Lowest nitrate concentrations are always found in the control plot during all years and 
also at the differing sampling dates. The differences between control and all treatments are 
highly significant. This is true for both sampling dates with exception of the year 1988 and 
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sampling date “full ripeness”. The differences between treatments (nitrogen increments from 
60 to 240 units/ha) are not significant. I.e. petiole analysis is able to indicate a fertilizer 
application but it is not able to differentiate the height. In addition the years have a significant 
influence together with the sampling date. For the development of a recommendation system 
for vineyard fertilization based on petiole analysis values some more work is necessary to 
elucidate all the factors and conditions leading to fluctuations of the determined values. 
Figure 4 demonstrates the influence of the base fertilization. The control plots show 
always the lowest nitrate concentration, but in most cases it is not significantly different from 
the treated ones. In addition, the nitrate concentrations are lower in comparison to the plots 
receiving a lower base fertilization. 
 
Figure 3 
 Petiole nitrate concentrations as influenced by increasing amounts of nitrogen and year; base fertilizer 160 kg 
K2O/ha. Upper row: sampling date “full bloom” during the years 1985-1988. Lower row: sampling date “full 




Petiole nitrate concentrations as influenced by increasing amounts of nitrogen and year; base fertilizer 320 kg 
K2O/ha. Upper row: sampling date “full bloom” during the years 1985-1988. Lower row: sampling date “full 
ripeness” during the years 1985-1988 
 
This finding may indicate that a sufficient potassium status of the vines may improve 
the nitrogen metabolism and may enhance nitrate uptake and build up of N-containing organic 
structures. Such results are not new and are mainly reported from fertilizer trials with 
agricultural crops. One should also note that despite a high nitrogen fertilizer dose nitrate 
content stays low; otherwise the influence of the year has more influence on its level than 
application rate or sampling date. 
 
IMPORTANCE OF PETIOLE ANALYSIS FOR DECISION PROCESSES 
 
The final goal of all analytical tests on soils or plant parts is to develop reliable systems 
with which recommendations can be made for fertilizer application or quality improvements. 
Normally these systems should be robust and nevertheless exact. The latter is most important 
because wrong fertilizer recommendations may also have a detrimental influence on 
environmental quality. A further expectation is that these procedures can be used under 
different climatic conditions and cultural practices. 
Some promising results are summarized in table 1 and 2. In order to get also an insight 
in possible influences coming from base fertilization the calculations were made on two sub-








Coefficient of determination (R2 x 100) between yield, must density and acidity and petiole nitrate concentration 
at “full bloom”, “veraison” and “full ripeness” in the current year (NO3) as well as in the next year (NO3.1) Trial: 
Base fertilization 160 kg K2O/ha 
 
 Full bloom Veraison Full ripeness 
 NO3 NO3.1 NO3 NO3.1 NO3 NO3.1 
Yield 0.2 17.4 -1.7 42.4 -1.0 49.7 
Must density -3.0 -0.5 -40.8 4.4 -18.8 0.9 
Acidity 3.5 -7.7 7.6 -19.5 9.0 -34.5 
 
Calculating relationships between petiole nitrate concentration at three sampling date 
and yield, must density and acidity it can be seen that the results are more or less 
contradictory. 
Concerning yield and acidity no relationships exist. Nitrate level at “veraison” or “full 
ripeness” may influence the must density negative. In the latter case one cannot expect a real 
influence because the reaction time is too short. In general, the physiological explanation of 
such an influence in the same year is nearly not possible. 
  
Table 2 
Coefficient of determination (R2 x 100) between yield, must density and acidity and petiole nitrate concentration 
at “full bloom”, “veraison” and “full ripeness” in the current year (NO3) as well as in the next year (NO3.1) Trial: 
Base fertilization 320 kg K2O/ha 
 
 Full bloom Veraison Full ripeness 
 NO3 NO3.1 NO3 NO3.1 NO3 NO3.1 
Yield 3.3 14.0 -2.1 36.5 -10.6 33.1 
Must density -0.7 5.8 -19.3 9.6 -12.0 0.2 
Acidity -0.4 -1.5 -0.3 -6.3 8.8 -17.7 
 
The relationships in the current year between nitrate and yield, must density and acidity 
are low and not significant. Those which were calculated between petiole nitrate and yield as 
well quality compounds of the next year show a comparable tendency like those of the first 
sub-set. 
In a second run the calculations were made to relate petiole nitrate concentrations from 
the three sampling dates with the yield, must density and acidity of the next year.  Now, it can 
be seen that petiole nitrate content has a positive influence on the yielding process of the 
grapevine. Especially the last sampling at “full ripeness” shows an high influence, however, 
only 50% of the total yield variation can be explained. I.e. some more factors may determine 
the yield forming process. This finding coincides very well with yield physiology!  
This result may helpful for decision making in fertilizer application and also its timing. 
The same calculations were made in the second sub-population with a base fertilization 




During a four years fertilizer trial with N (0, 60,120, 180, 240 units N/ha) in 
combination with two K treatments (160 and 320 units K/ha) the influence of fertilization on 
petiole nitrate concentration was tested. Petioles were sampled tree times: at bloom, veraison 
and full ripeness. It was found out that in decreasing magnitude the influence of the year was 
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highest followed by fertilization and sampling date. Interactions are of minor importance. 
Under conditions with high climatic variability it is only scarcely possible to use petiole 
nitrate concentration as a predictor of N sufficiency in grapevines. Sampling at full ripeness 
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